( or no-bond) and CT configurations, respectively. As the result of interaction between these two configurations, we can obtain the two energy Ievels W 0 and J:Vh the transition between them corresponding to the CT band. excited configuration mix with each other to such an extent that the CT band and the local excitation band cannot strictly be classified. Then we need careful analysis of absorption spectra from both theoretical and experimental points of view to identify CT bands.
During the past few years, we have carried out various investigations on the nature of intra-and intermolecular CT absorption bands from both the theoretical and experimental points of view. In addition to the usual near ultraviolet absorption measurements of solutions or gases, polarized ultraviolet absorption measurements of single molecular crystals and vacuum ultraviolet absorption spectroscopy were used as principal experimental tools. Here the author will report on some important results mainly concerning intramolecular cases.
First ofall, Iet us take acetic acid as a simple example ofsystems composed of D and A. Since in this case the electron donating group (OH) is directly connected with the electron accepting group (C=O), we may expect the appearance of intramolecular CT absorption. So far, however, only a weak band due to the n-+ 1r*. transition has been observed at 200 m~-t with acetic acid. Under these circumstances, Tsubomura and Kaya in our laboratory measured the vacuum ultraviolet absorption spectrum of gaseous acetic acid and found a fairly s.trong absorptionband (e ~ .. 4000) at 160 m!J.. The result is shown in Figure 3 , where the absorption spectrum of ethyl acet'ate is also shown for the purpose of comparison. In otder ·to clarify the so ELECTRON-TRANSFER INTERACTION n 3.ture of this band, energy Ievels and wave functions of acetic acid were e'mluated by considering the interaction between the three electron confi~;urations given in Figure 4 . This figure shows also the wave functions of the 4,000
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. ' Thus, the 7T-electron energy Ievels of acetic acid were finally evaluated as -1·156, 6·572, and 9·132 eV. The result given in Figure 5 and Table 1 shows that the system is stabilized by 26·7 kcalfmole from the electron-transfer interaction between the OH and C=O groups. By subtracting the compression energy from this stabilization energy, we can evaluate the so- 
the value estimated from the thermal data. The transition energy between the ground Ievel (Wo) and the lowest excited Ievel ( W1) was calculated to h:: 7·73 eV. It is obvious that this transition corresponds to the 160 ffi(J. hlnd (7·72 eV). The present calculation shows that in the upper state ofthis transition, the CT and locally (C=O) excited configurations mix in almost equal proportion and, therefore, that the 160 IDtJ. band has the characteris tics of both a CT band and a shifted band of the 155 ffi(J. band belonging to the C=O group.
Similar calculations were made with formamidelb, acroleinlb, thioaceta::aidelc, thiourealc, tropones, nitramide9 and ethyl nitrate9. In the case of fü::-mamide, theoretical consideration of which was made by taking three configurations into account as shown in Figure 6 , two excited Ievels W1 and T1~2 wel'e obtained (see Figure 7) . Wo -+ W1 and Wo -+ W2 transitions apparently correspond to the observed 172 and 135 ffitJ. bands, respectively. A~: is easily seen from the wave functions of the f;tfo and W1 levels, the Wo -+ 8 Ec=o- Figure 7 . Energy Ievels and wave functions of formamide than in acetic acid. This is because the energy of CT configuration is lower in formamide than in acetic acid and, therefore, the interaction between the CT and locally excited configurations is smaller in the former than in the latter. In this connection, the result with thiourea seems to be interesting. The results on acetic acid, formamide, thioacetamide, and thiourea are col1ected :[n Table 2 , in which the theoretically predicted directions of transition Jnomeilts are given and compared with the observed results. Now let us turn our attention to more complicated molecules. Nitrobenzene is a typical example exhibiting a strong CT band caused by the dectron-transfer interaction between the benzene ring (D) and the nitro ultraviolet absorption spectrum of gaseous nitrobenzerre was measured in 01;~r laboratory with the result given in Figure 12 . A noticeable fact is that two strong bands appear at 193 and near 170 m~ in addition to the 240 m~ ba.nd which is weil known as the characteristic band of nitrobenzene. From the qualitative point of view, the above-mentioned experimental re:mlts strongly support the previous interpretation that the 240 ffi!J. band is Figure 12 . Ultraviolet absorption spectra of nitrobenzerre and nitromesitylene n:1t a shifted band pertinent to the benzene ring, but is an additional band caused by the electron-transfer interaction between the benzene ring and the nitro group. In order to make a quantitative study ofthis point, the present a·Jthor ealculated the energy levels and wave functions of nitrobenzerre by the same method as described in the case of acetic acid, taking eight electron configurations into account. There are, besides the ground configuration, the two CT configurations and the five locally excited configurations. The two CT configurations are caused by removing an electron from each of the d:mbly degenerated highest occupied orbitals of the berizene ring to the luwest vacant orbital of the nitro group ( see Figure 13 ). Of the five locally excited configurations, four are caused by the electron excitation within the benzene ring and one corresponds to the '7T-+7T* transition (198 mt-t band) of the nitro group. The energy values of these configurations were determined a:; shown in Table 3 from the observed wavelength of the peaks of benzerre a~td nitromethane13, The 77-electron energy levels and wave functions of nitrobenzene, evaluated by considering the configurational interaction a:~nong the above-mentioned eight electron configurations, are given in Figure 14 and Table 4 . From this theoretical study, the absorption bands
--e--e----e--e--0 N02 0 Figure 13 . CT configurations of nitrobenzerre 
Symmetrie Anti-symmetrie w,
ohierved with nitrobenzerre can be interpreted quantitatively as tabulated in Table 5 , except for the weak band at 330 m[.L which may conceivably be assigned to the n-+7T* transition. The direction ofthe transition moments for th(~ Wo -+ W 1 and Wo -+ W 2 transitions are predicted theoretically to be pe::pendicular and parallel to the C-N bond, respectively; the prediction be::ng in good agreement with the experimental result by Labhart.
)able 5. Transition energies and other related quantities of nitrobenzerre

Transition energy Transition
>--0.
Electron configuration which shows Zargest contribution to the upper state (%)
Local excitation of benzene B 2 u (58) CT 8 (73) . CTa (50) Local excitation of benzene B 1 u (79)
Local excitation of N0 2 (100)
Local excitation of benzene E 1 u (89)
Local excitation of benzene E 1 u (84) ln view ofthe fact that the C-N bond distance ofnitrobenzene determined by the X-ray crystal analysis technique is almost equal to the ordinary value and shows no shrinkage due to double bond character14 (see Figure 15) , a question has recently been raised as to the existence of resonance interaction or electron-transfer interaction between the benzene ring and the nitro group w:.thin the nitrobenzerre molecule15. However, the above-mentioned experimental and theoretical results, especially t:he appearance of a strong CT band at 240 m[J., definitely supports the existence of the electron transfer interaction in the ground state, although according to the present theoretical consideration the contribution of a CT structure to the ground state is only 4·8 per cent (resonance energy = 5·9 kcaljmole), considerably smaller than in the cases of acetic acid, formamide, etc. In this connection, it seems tobe of much interest to compare the absorption spectrum of nitrobenzerre with that of nitromesitylene. In the latter the nitro group is twisted by 66·5 o from the plane of the benzerre ring owing to the steric hindrance of the methyl groups, and hence the electron transfer interaction is inhibited to a great extent. According to our opinion, the CT band ofnitrobenzene may be expected to disappear completely, or to be greatly diminished in intensity, in nitromesitylene. The absorption spectrum of the molecule measured by Kojima and Maruyama in our laboratory is shown in Figure 12 in comparison with that ofnitrobenzene. The result shows that the intensity ofthe 250 ffi[J. band of nitromesitylene is only a fifth ofthat of the corresponding 240 m[l band of nitrobenzene, and therefore that our opinion on the electron transfer interaction ofnitrobenzene is correct. Anyhow it is certain that the problern ofthe resonance interaction ofnitrobenzene is almost completely cleared up by the present study. The question as to the C-N bond distance is thought tobe solved by considering some factors other than the double bond character; for example, the weakening of the a bond in the CT structure, which may be caused by the repulsion between positive charges on both the nitrogen atom and the adjacent carbon atom (see Figure 15 Similar considerations were applied to benzoic acid, whose polarized ultraviolet absorptionwas measured by Tanaka in our laboratory17. The combination of his spectrophotometric result and the X-ray crystal analysis data shown in Figure 16 leads to the conclusion that the 230 ffi[J. band of benzoic acid has the direction of transition moment inclined away from the bond connecting the benzene ring and the carboxyl group by 6·5 °. This result strongly supports the view that the band is ofthe CT type, because the mJ-L molecules. According to theoretical and experimental studies on the electronic spectra of the nitromethy113, acetylacetonate18, and nitrobenzerre ~-adical anions, these ions clearly show a strong CT band caused by resonance interaction between D and A. As an example, the absorption spectrum of the nitrobenzene ion studied by Ishitani in our laboratory is shown in Figure  17 . In this figure, the two vertical lines represent the band positions and jntensities of the radical ion evaluated theoretically taking sixteen electron configurations. Of these two bands, the Ionger wavelength one possesses predominantly the character of a CT absorption.
